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(54) Distributed management apparatus for battery pack 



(57) In a (jistributed management apparatus for a 
battery pack, a battery monitoring module tor each indi- 
vidual battery comprises a microcomputer and appara- 
tus for bi-directional communication with a central con- 
trol. Each microcomputer is provided with memory and 
its own control program, which allow sophisticated data 
gathering, communication and bypass control functions 
to be performed by each battery monitoring module in- 
dependently of the central control, although still at Its 
command, for more efficient control design and more 
flexible and capable system operation. In a preferred 
embodiment, each battery, monitoring module may fur- 



ther comprise voltage and temperature measuring cir- 
cuits with inputs to the microcomputer and a bypass cir- 
cuit incorporating the microcomputer itself. All the bat- 
tery monitoring modules are linked with an Interface 
module by a minimal element, common digital commu- 
nication circuit for bi-directional communication be- 
tween each of the battery monitoring modules and the 
central control. Each battery monitoring module may 
provide bypass activation alternatively, as commanded 
by the central control, in a timer mode, in which the by- 
pass path is activated for a commanded time, or a volt- 
age mode, in which the bypass path is activated when 
the battery voltage equals a commanded value. 
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Description 

Technical Field 

This invention is concerned with the charge man- 
agement of battery packs. 

Background of the Invention 

High voltage battery packs comprise a plurality of 
lower voltage batteries connected in series. The opera- 
tion of such battery packs is most efficient, and the 
chance of battery degradation is the smallest, when the 
charge state of all individual batteries is maintained in a 
balanced condition. During battery pack charging, for 
example, individual batteries may reach their maximum 
charge state at different times. Cessation of battery pack 
charging when the first battery reaches maximum 
charge will leave other batteries, and thus the battery 
pack, less than optimally charged; while continued bat- 
tery pack charging to achieve maximum charge in all 
batteries may cause overcharging and degradation of 
the first batteries to reach maximum charge. 

The prior art recognizes that efficient charge man- 
agement of battery packs Inquires at least some degree 
of control over the charging of individual batteries within 
the pack. One form of such control provides a bypass 
circuit for each of the individual batteries which activates 
a current bypass path when the battery voltage equals 
a predetermined maximum value In order to prevent 
overcharge. In these circuits, however, each bypass cir- 
cuit acts independently of the others; and coordinated 
overall battery pack charge strategies are impossible. 
Another form of such control provides a central control 
module, which may include a microcomputer, with In-, 
puts from individual battery voltage measuring circuits 
and outputs controlling individual battery bypass cir- 
cuits. The central control, perhaps with inputs from ad- 
ditional sensors, may be programmed to control the by- 
pass circuits In a more sophisticated, coordinated strat- 
egy However, almost all the sophistication and intelli- 
gence of such systems is concentrated in the central 
control, with the voltage sensing and bypass circuits of 
Individual batteries being merely extensions of the cen- 
tral control. Although intelligent, such systems require 
an expensive controller which is programmed to man- 
age every detail of the operation of every component of 
the system. 

Summary of the Invention 

This invention is a distributed management appa- 
ratus for a battery pack in which a battery monitoring 
module for each individual battery comprises a micro- 
computer and apparatus for bi-directional communica- 
tion with a central control. Each microcomputer is pro- 
vided with memory and its own control program, which 
allow sophisticated data gathering, communication and 
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bypass control functions to be performed by each bat- 
tery monitoring module independently of the central 
control, although still at its command, for more efficient 
control design and more flexible and capable system op- 

5 eration. In a preferred embodiment, each battery moni- 
toring module may further comprise voltage and tem- 
perature measuring circuits with inputs to the microcom- 
puter and a bypass circuit incorporating the microcom- 
puter itself. All the battery monitoring modules are linked 

10 with an interface module by a minimal element, common 
digital communication circuit for bi-directional commu- 
nication between each of the battery monitoring mod- 
ules and the central control. Each battery monitoring 
module may provide bypass activation alternatively, as 

IS commanded by the central control. In a timer mode, in 
which the bypass path is activated for a commanded 
time, or a voltage mode, In which the bypass path is ac- 
tivated when the battery voltage equals a commanded 
value. 

20 

Brief Description of the Drawings 

FIG. 1 shows a battery pack with a battery pack 
management apparatus according to this invention. 
25 FIG. 2 Is a circuit diagram of a battery monitoring 
module for use in the battery pack of FIG. 1 . 

FIG. 3 is a circuit diagram of an interface module 
for communicating with and controlling one the battery 
monitoring modules in the battery pack of FIG. 1 . 
30 FIG. 4 is a flow chart illustrating the operatbn of an 
interface module for use with the battery pack of FIG. 1 . 

FIG. 5 and 6 are flowcharts Illustrating the operation 
of a battery monitoring module for use In the battery 
pack of FIG. 1. 

35 FIG. 7 Is a table illustrating communk;ations be- 
tween an interface module and one or more battery 
monitoring modules in the battery pack of FIG. 1 . 

Description of the Preferred Embodiment 

40 

Referring to FIG. 1 , a battery pack 10 comprises a 
plurality of batteries 11 connected in series. A battery 
monitoring module 1 2 is connected across each battery 
11. In addition, an interface module 13, powered by a 

45 separate DC power supply represented by battery 1 4, 
has a pair of terminals connected to the two lines of a 
common data bus 1 5; and each battery monitoring mod- 
ule 1 2 has a pair of terminals also connected to data bus 
15 for bi-directional communication with interface mod- 

50 ule 13. Interface module 13 may comprise the central 
control for battery monitoring modules 1 2 or It may serve 
as an interface between battery monitoring modules 12 
and a separate central control, not shown. In the latter 
case, interface module 1 3 may have separate means 

55 for communication to external apparatus such as a con- 
trol and/or a display as symbolized by terminals 17 and 
18. Interface control 13 is provided with a separate elec- 
tric DC power supply 1 4. 
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Each of battery monitoring modules 12 is provided 
with electronic circuitry, including a microcomputer, for 
monitoring the voltage and temperature of its associated 
battery 11, processing the sensed values as required, 
and communicating this information, when command- s 
ed, to interface module 13. In addition, each of battery 
monitoring modules 12 is provided with a bypass circuit 
effective, when commanded by interface module 13, to 
allow a controlled, battery voltage balancing current flow 
from the positive terminal of the associated battery 11 io 
externally to the negative terminal thereof. Interface 
module 1 3 includes a microcomputer for providing over- 
all system control: interrogating battery monitoring mod- 
ules 12 to monitor the voltages and temperatures of in- 
dividual batteries 11 and ordering individual battery is 
monitoring modules 12 to activate or deactivate their 
current bypass circuits. 

FIG. 2 shows a typical battery monitoring module 
. 12. Terminals +BATTERY and -BATTERY are connect- 
ed to the positive and negative terminals of an associ- 20 
ated battery 11 . Terminal -BATTERY provides a ground 
reference for module 12, while terminal + BATTERY pro- 
vides a DC voltage signal to module 12 which is equal 
to the voltage of associated battery 11 . A power supply 
circuit 20 in module 1 2 Is connected by an input temninal 25 
21 and a ground terminal 22 across terminals +BAT- 
TERY and -BATTERY; and an output terminal 23 of pow- 
er supply circuit 20, along with ground terminal 22, pro- 
vides a regulated DC voltage VDD. typically 5 volts, for 
the internal operation of module 12. Filter capacitor 24 so 
(l^iFD). connected across terminals 21 and 22, and filter 
capacitor 25 (IjiFD), connected across terminals 23 and 
22, assist power supply circuit 20 in achieving its voltage 
regulating function. 

Series connected resistors 30 (36. 1 K. 0. 1 %) and 31 3S 
(12. IK, 0.1%) connected from terminal +BATTERY to 
module ground (-BATTERY) form a voltage divider ef- 
fectively connected across associated battery 1 1 . Junc- 
tion 32 of resistors 30 and 31 provides a voltage propor- 
tional to the voltage of associated battery 11 . A micro- <o 
computer 35 has an analog input terminal ANO connect- 
ed to junction 32; and the proportionality constant of the 
voltage divider keeps the output thereof within a range 
suitable for input to microcomputer 35. Analog input ter- 
minal ANO is one of several such software controlled an- ^s 
alog input terminals for receiving an analog input signal 
to microcomputer 35 and providing it to an internal A/D 
converter. Thus, microcomputer 35 is able to monitor the 
voltage of associated battery 1 1 . Microcomputer 35 fur- 
ther includes registers and on-board RAM for storing so 
sampled values of the voltage and ROM for storing a 
program tor controlling the sampling and storing proc- 
ess, as well as others. Microcomputer 35 is powered by 
voltage VDD provided across terminals VDD and GND 
and Is effective to generate internal clock timing pulses ss 
with the help of an external ceramic resonator (OSC) 36 
communicating through terminals OSC1 and OSC2. 

A pair of resistors 40 (47.5K) and 41 form a voltage 



divider across a zener diode 42 (4. 1 V). Resistor 41 is a 
negative temperature coefficient (NTC) resistor having 
a resistance which varies downward with increasing 
temperature from a maximum 100K. Junction 43 of re- 
sistors 40 and 41 is connected to analog input terminal 
AN2 of microcomputer 35; and the other terminal of NTC 
resistor 41 , as well as the anode of zener diode 42, are 
connected to module ground. Junction 44 of resistor 40 
and the cathode of zener diode 42 is connected to an- 
abg input terminal AN3 of microcomputer 35 and is fur- 
ther connected through a resistor 45 (5.1 K) to a digital 
terminal RB3 of microcomputer 35. Digital terminal RB3 
is one of several similarly labeled digital output terminals 
which are capable of being selectively switched by mi- 
crocomputer 35 under software control between a first, 
high voltage state in which the terminal is connected in- 
ternally through terminal VDD to voltage VDD and a sec- 
ond, low voltage state, in which the terminal is connect- 
ed internally through terminal GND to module ground. 

NTC resistor 41 may be mounted on the circuit 
board of battery monitoring module 12 or may be pack- 
aged with battery 11 and connected by electrical lead 
wires or other connectors to terminals on the circuit 
board of module 12. Many such design alternatives are 
known to those skilled in the art for maximizing the sen- 
sitivity of NTC resistor 41 to the temperature of associ- 
ated battery 11. With proper design, the resistance of 
NTC resistor 41 will vary with this temperature. The tem- 
perature can thus be sampled, under control of micro- 
computer 35, by activating digital terminal RB3 thereof, 
to its high state, so as to apply voltage VDD through mi- 
crocomputer 35 and from digital terminal 35 across the 
resistors 45. 40 and 41 in series to ground. Zener diode 

42 fixes the voltage across resistors 40 and 41 to its 
rated voltage, which appears at junction 44 and may be 
monitored at analog input AN3. The voltage on junction 

43 thus varies with the temperature of battery 11 and 
may be sampled by analog input AN2 when the voltage 
on digital output terminal RB3 is high. The voltage on 
terminal RB3 may be switched low to reduce current 
when the temperature is not being sampled. The tem- 
perature may be calculated from the voltages at analog 
inputs AN2 and AN3 according to an internally stored 
program based on principles well known in the art. 

A bypass circuit is provided by microcomputer 35 
with a pair of light emitting diodes (LEDs) 50 and 51 and 
200 ohm resistors 52 and 53. The series combination of 
LED 50 and resistor 52 is connected in parallel with the 
series combination of LED 51 and resistor 53 between 
voltage VDD and a plurality of digital terminals - RB4, 
RB5, RB6, RB7 - of microcomputer 35. When digital ter- 
minals RB4-RB7 are switched to their low state, they 
are connected internally through microcomputer 35 to 
the GND terminal; and the bypass circuit is thus activat- 
ed to shunt current around associated battery 11 
through a bypass current path from the +BATTERY ter- 
minal, through power supply chip 20 (output VDD), re- 
sistors 52 and 53, LEDs 50 and 51 . and microcomputer 
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35 to module ground and terminal -BATTERY. When 
digital terminals RB4-RB7 are switched to their high 
states, the bypass circuit is deactivated and no bypass 
current path exists. 

Microcomputer 35 has a pair of digital terminals 
RBOINT and RBI connected for digital communication 
with communication bus 15 through a pair of opto-cou- 
plers 60 and 65. which electrically isolate battery moni- 
toring module 12 from bus 15 and thus from interface 
module 1 3, Opto-coupler 60 includes a light emitting di- 
ode (LED) 61 In optical communication with an NPN 
photo-transistor 62. The collector of photo-transistor 62 
is connected through a resistor 63(1 OK) to voltage VDD 
to form a voltage divider, the junction 64 of which is con- 
nected to digital terminal RBOINT of microcomputer 35. 
The emitter of photo-transistor 62 is connected to mod- 
ule ground. The cathode of LED 61 Is connected to a 
battery monitoring module communication terminal 
DATA1, which is connected to one line of communica- 
tion bus 15; and the anode of LED 61 is connected 
through a current limiting resistor 68 (IK) to a similar 
terminal DATA2, which Is connected to the other line of 
communication bus 15. Opto-coupler 65 includes a light 
emitting diode (LED) 66 in optical communication with 
an N FN photo-transistor 67. Photo-transistor 67 of opto- 
coupler 65 has an emitter connected to terminal DATA2 
and a collector connected to terminal DATA1. LED 66 
has an anode connected through a current limiting re- 
sistor 69 to voltage VDD and a cathode connected to 
digital terminal RBI of microcomputer 35. 

FIG. 3 shows interface module 13. DC power from 
source 14 is provided between a power terminal VCC 
and ground. Power terminal VCC Is connected through 
a resistor 70 to a terminal D ATA1 of interface module 1 3 
and the collector of an NPN transistor 71 having a 
grounded emitter. A microcomputer 85 has a digital out- 
put terminal DATA OUT connected through an Inverter 
72 and resistor 73 to the base of transistor 71 and a 
digital input terminal DATA IN connected to terminal 
DATA1 of interface module 13 and thus to the collector 
of transistor 71 . Power terminal VCC is further connect- 
ed to the collector of an NPN transistor 75 having an 
emitter connected to the emitter of a grounded collector 
PNP transistor 76. Microcomputer 85 has a digital out- 
put terminal DATA DIRECTION connected through an 
inverter 77 and a resistor 78 to the base of transistor 75 
and further connected through the inverter 77 and a re- 
sistor 81 to the base of transistor 76. A diode 79 Is con- 
nected from the output of inverter 77 to the base of tran- 
sistor 75, in parallel with resistor 78; and a diode 80 is 
connected from the base of transistor 76 to the output 
of inverter 77, in parallel with resistor 81. The emitters 
of transistors 75 and 76 are connected to each other 
and a terminal DATA2. Terminals DATAl and DATA2 of 
interface module 13 are connected by the lines of com- 
munication bus 15 to the similarly named terminals 
DATAl and DATA2, respectively, of each battery moni- 
toring module 12. Microcomputer 85 may further have 



extemal communication ports such as EXCOM1 and 
EXCOM2 connected to terminals 1 7 and 1 8, respective- 
ly, for communication to an external apparatus such as 
a control or display, so that Interface module 1 3 may 

5 serve as an Interface between the external device and 
battery monitoring modules 1 2. 

Bi-directional digital communication between inter- 
face module 13 and each battery monitoring module 12 
is provided by the apparatus described In FIG. 1-3. To 

10 provide a message to one or more battery monitoring 
. modules 12, microcomputer 85 of interface module 13 
enters transmit mode by sending the voltage on output 
terminal DATA DIRECTION low, which causes a high 
voltage to be provided from inverter 77 to the bases of 

IS transistors 75 and 76. This turns on transistor 75 and 
turns off transistor 76 to provide a high voltage on ter- 
minal DATA2 and thus, through the DATA2/DATA2 line 
of communication bus 15. on temnlnal DATA2 and the 
anode of LED 61 in each battery monitoring module 1 2. 

20 Thus, LED 61 in each battery monitoring module 12 is 
connected to be controlled by transistor 71 of interface 
module 13 through the DATAl/DATAl line of bus 15. 
When transistor 71 is turned on by a low DATA OUT out- 
put from microcomputer 85, terminal DATAl Is sent low 

25 and LED 61 of each battery monitoring module 1 2 con- 
ducts to provide light to photo-transistor 62 and thus de- 
crease Its resistance. Since photo-transistor 62 forms a 
voltage divider with resistor 63 across voltage VDD. this 
provides a low voltage on digital terminal RBOINT of mi- 

30 crocomputer 35 in each battery monitoring module 1 2. 
However, when a high DATA OUT output from micro- 
computer 85 turns transistor 71 off, terminal DATAl is 
pulled high and LED 61 stops conducting. Since no light 
is generated, the resistance of photo-transistor 62 is in- 

3S creased to provide a high input on digital terminal 
RBOINT Thus, microcomputer 85 of interface module 
1 3 provides digital messages to battery monitoring mod- 
ules 12 In transmit mode by holding the DATA DIREC- 
TION output low and switching DATA OUT between high 

40 and low in a predetermined code. In transmit mode, mi- 
crocomputer 85 ignores the voltage on input terminal 
DATA IN. 

To receive a return communication from a battery 
monitoring module 1 2 after commanding a response, in- 

45 terface module 13 enters receive mode by providing a 
high DATA DIRECTION output from microcomputer 85; 
and this causes inverter 77 to provide a low voltage to 
the bases of transistors 75 and 76. This turns off tran- 
sistor 75 and turns on transistor 76 to ground terminal 

so DATA2 and thus, through the DATA2/DATA2 line of com- 
munication bus 15, the emitter of photo-transistor 67 in 
each battery monitoring module 12. Microcomputer 85 
furthermore provides a high DATA OUT voltage to turn 
off transistor 71 ; and phototransistor 67 of each battery 

55 monitoring module 12 is thus connected In series 
through the DATAl/DATAl line of communication bus 
1 5 with resistor 70 of interface module 1 3 to form a volt- 
age divider therewith across supply voltage VCC. with 
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terminal DATA1 of Interface module 1 3 providing a mid- 
point output of the voltage divider which is connected as 
an input to digital terminal DATA IN of microcomputer 
85. As microcomputer 35 of a battery monitoring module 
12 switches conduction through LED 66 on and off, it 5 
thus causes corresponding switching of the DATA IN ter- 
minal of microcomputer 85 between high and low volt- 
ages according to the predetermined code. 

The operation of interface module 13 will now be 
described with reference to the flow chart of FIG. 4. Up- 
on initial wake-up, microcomputer 85 of interface mod- 
ule 13 first runs subroutine INITIALIZE 102, in which in- 
ternal registers, input ports and output ports are set up 
and other internal housekeeping Is accomplished. The 
details of this depend on the particular microcomputer 
used and will not be further described at this point. 

Microcomputer 85 next runs a subroutine IDENTI- 
FY BATTERY MONITORING MODULES 104 wherein 
interface module 13 identifies all battery monitoring 
modules 1 2 connected to it on the data bus. In this sub- 
routine, microcomputer 85 sends out a targeted initiali- 
zation query to every possible two byte address from 
0001 h to FFFFh, with a short wait for response between 
consecutive queries. Each battery monitoring module 
12 responds to this query sent to its address by sending 
its address back on communication bus 15; and micro- 
computer 85 stores each such address in memory as it 
Is received. 

Once all battery monitoring modules have been 
identified by Interface module 1 3, microcomputer 85 
may enter its main loop, during which it executes sub- 
routine COMMAND FREEZE DATA 106. In this subrou- 
tine, it sends out a Freeze Data Command, which is not 
targeted to any specific one of battery monitoring mod- 
ules 12 but carries a general address OOOOh which is 
responded to by all such modules connected to commu- 
nication bus 15. The purpose of this command is to 
cause all battery monitoring modules 12 to simultane- 
ously set aside the latest recorded values of the voltage 
and temperature of the associated batteries 11, along 
with any derivative parameters thereof, and store the 
data recorded until a command is received to send the 
data to interface module 13. In this way, interface mod- 
ule 13 may receive a "snapshot" of all batteries 11 in 
battery pack 1 0 at a single moment in time. 

Next, microcomputer 85 of interface module 1 3 runs 
subroutine COMMAND SEND DATA 108, in which each 
battery monitoring module 12 for which an address is 
stored is issued one or more commands to send stored 
data to interface module 13. A number of different com- 
mands are possible, depending on what data is required 
by the Interface module BATTERY MONITOR pro- 
grams. In a basic apparatus, each battery monitoring 
module 12 will be commanded to send the voltage 
(VLG) and temperature (TMP) values for the corre- 
sponding battery 11. In other systems, the BATTERY 
MONITOR programs may require one or more of the fol- 
lowing derivative parameters of the basic voltage or 
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temperature values: the lowest measured voltage (VLO) 
or temperature (TLO), the highest measured voltage 
(VHI) or temperature (THI), the lowest measured volt- 
age at which TLO occurred (VTL). or the highest meas- 
ured temperature at which VHI occurred (TVH). In ad- 
dition, microcomputer 85 may have the additional capa- 
bility to command one or more of these "highest" or "low- 
est" derivative parameters to be reset in any particular 
battery monitoring module 12. Additional data required 
of a responding battery monitoring module might include 
the status of its bypass circuit (STA), the amount of time 
(TMR) remaining for Its bypass circuit to be activated, 
or its hardware and software version numbers. After any 
of these commands requiring data to be sent, microcom- 
puter 85 in interface module 1 3 waits to receive the data 
before proceeding with the next command to this or the 
next battery monitoring module 12. 

When all required data has been commanded and 
received, microcomputer 85 runs SYSTEM ROUTINES 
1 1 0 which use this data to determine the need for battery 
balancing and select the battery monitoring modules 1 2 
and mode of operation for activation of bypass circuits. 
These routines are not the subject of this patent appli- 
cation and will thus not be described in detail. 

Next, microcomputer 85 in interface module 1 3 runs 
the subroutine COMMAND BYPASS 112, in which se- 
lected battery monitoring modules 12 are sent com- 
mands regarding the activation of their bypass circuits. 
Each battery monitoring module 12 is programmed for 
two different bypass control modes; and interface mod- 
ule 13 commands each module 12 which mode to use, 
gives the module 12 a relevant control parameter, and 
then allows the module 1 2 to proceed under its own local 
control. A first bypass control mode is based on time: 
microcomputer 85 commands a battery monitoring 
module to activate its bypass circuit for a specified time 
period, which nnay be expressed as a specified number 
of 1/2 hour time periods up to 24 hours total. A second 
bypass control mode is based on battery voltage: micro- 
computer 85 commands a battery monitoring module 1 2 
to activate its bypass circuit whenever the voltage of its 
corresponding battery 11 exceeds a specified voltage. 
In either case, the battery monitoring module proceeds 
to carry out the commanded control method under its 
own control, by timing and counting the specified 
number of time periods in the first mode or by monitoring 
battery voltage In the second mode. 

The operation of battery monitoring module 12 will 
now be described with reference to the flow chart of the 
BATTERY MONITOR program in FIG, 5 and the circuit 
diagram of FIG. 2. Microcomputer 35 of battery moni- 
toring module 12 has a low power sleep mode and Is 
responsive to a low voltage input of a predetermined du- 
ration on port RBOINT to wake up and become fully ac- 
tive. Thus, activity on bus 1 5 causes microcomputer 35 
to wake-up from its sleep mode and perform whatever 
wake-up duties are required in subroutine WAKE-UP 
120 before advancing to the main loop of its program. 
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In its main loop, the BATTERY MONITOR program 
first checks, at decision point 121 . to see if the bypass 
circuit is activated in the timer control mode and a by- 
pass timer has not timed out. The bypass timer is a soft- 
ware timer which can be set to a predetermined number 
TMR of time periods, such as 1/2 hour When it contains 
a non-zero number, it is decremented at the proper 
times by a timer interrupt routine triggered by a real time 
clock in microcomputer 35. Immediately following wake- 
up, the bypass circuit Is in a deactivated state and the 
bypass timer is timed out (TMR = 0). Therefore, the pro- 
gram then determines, at decision point 128, whether 
an activity timeout has occurred, as will be more fully 
explained at a later point in this description. Immediately 
following wakeup. the answer will be no. The program 
thus proceeds to determine, at decision point 122. it 
there is new activity on bus 15. Immediately following 
wake-up, the answer is yes, since it was new activity on 
bus 1 5 that caused the wake-up. Thus the program next 
determines, at decision point 123, whether the activity 
on bus 15 comprises a valid message to which it must 
respond. Each of battery monitoring modules 12 re- 
sponds to either of two addresses: its own unique ad- 
dress and address OOOOh, to which all battery monitor- 
ing modules 1 2 respond. If the address is eitherof these, 
the battery monitoring module 12 performs the com- 
mand included in the message in subroutine PERFORM 
COMMAND 124. 

A sample of typical messages and commands is 
shown in the table of FIG. 7 to illustrate the capabilities 
of the apparatus. Messages 0. 2. 3 and 14 are general 
messages sent to all battery monitoring modules 12. 
Thus the first two bytes of the data sequence of these 
messages. IDL and IDH, provide the general address 
OOOOh. The third and fourth bytes of the data sequence 
for these messages each provide the message number. 
All other messages are directed to a specific battery 
monitoring module; and the address is provided in the 
first two bytes of the data sequence, low byte (IDL) first. 
The third byte of these other messages gives the mes- 
sage number; and the fourth byte provides a check sum 
CK1 to help determine the validity of the message. In 
messages 52-255. the third byte message number also 
conveys data to the battery monitoring module, as will 
be explained in more detail below. All messages except 
0, 3 and 1 4 require a message in response from the ad- 
dressed battery monitoring module. If data is requested, 
the first two bytes of the response comprise the request- 
ed data; and if no data is requested, the first two bytes 
of the response comprise the address of the battery 
monitoring module as a confirmation. The third byte of 
the response is a check sum CK2. 

Message 0 (Freeze Data Command) causes all bat- 
tery monitoring modules to set aside their latest meas- 
ured voltage and temperature values for later transmis- 
sion to interface module 13. This ensures that interface 
module 1 3 will receive a "snapshot" of data from all bat- 
tery monitoring modules taken at essentially the same 



time, even though the data is communicated to interface 
module 1 3 from one battery monitoring module at a time. 

Message 1 (Targeted Initialization Query) causes a 
battery monitoring module on the bus having the indi- 
5 cated address to respond by returning its address to in-, 
terface module 1 3. In this way interface module 1 3 iden- 
tifies the battery monitoring module as being on the bus. 

Message 2 (General Initialization Query) causes 
any battery monitoring module which has not yet been 
10 recognized by interface module 1 3 to return its address. 
This response is controlled by a 'Recognized' flag in the 
battery monitoring module software which is set when- 
ever the battery monitoring module is specifically ad- 
dressed by interface module 1 3 and which subsequently 
15 prevents a response to the General Initialization Query 
until it is reset. Message 3 (Reset 'Recognized* Flag) 
causes each battery monitoring module on the bus to 
reset its 'Recognized' flag. 

Message 4 (Module Version Query) causes the ad- 
20 dressed battery monitoring module to return its software 
version number SFW. followed by its hardware version 
number HDW. This allows interface module 1 3to be pro- 
grammed to work with battery monitoring modules hav- 
ing different hardware and software configurations on 
25 the same bus. 

Message 5 (Request for VLG, TMP) causes the ad- 
dressed battery monitoring module to return the frozen 
voltage value VLG, which is represented on a scale of 
0-255, and temperature value TMR which is the meas- 
30 ured temperature in Celsius plus 40. 

Message 6 (Request for VLO. VHI) causes the ad- 
dressed battery monitoring nrradule to return the stored 
values of the lowest (VLO) and highest (VHI) voltages 
that it has recorded. As will be explained below, each 
55 battery monitoring module may measure voltage and 
temperature at times other than when it is specifically 
asked for such data; and it is thus programmed to store 
the highest and lowest values it records, in case they 
are required by interface module 13. 
40 Message 7 (Request for TLO, THI) likewise causes 
the addressed battery monitoring module to return the 
stored values of the lowest (TLO) and highest (THI) tem- 
perature it has recorded. 

Message 1 0 (Request for VTL. TVH) causes the ad- 
45 dressed battery monitoring module to return the stored 
values of the lowest measured voltage (VTL) at which 
a TLO occurs and the highest measured temperature 
(TVH) at which a VHI occurs. 

Message 8 (Reset VLO, VHI), message 9 (Reset 
50 TLO, THI) and message 11 (Reset VTH. TVH) each 
cause the addressed battery monitoring module to clear 
the named parameters and then return its address for 
confirmation. 

Message 12 (Request for STA, TMR) causes the 
55 ' addressed battery monitoring module to return two 
bytes indicating the status of the bypass circuit The first 
byte is zero if the bypass circuit is deactivated and 1 if 
it is activated. The second indicates the number of 1/2 
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hour periods of timed bypass remaining. If the second 
byte is zero and the first is one, the bypass circuit is ac- 
tivated in the voltage mode, with the measured battery 
voltage greater than that transmitted in the most recent 
Bypass Voltage Command. 

Message 1 3 (Blink) causes the addressed battery 
monitoring module to activate its bypass circuit for ap- 
proximately one second if it is not already activated. 

Message 14 (Clear Bypass Command) causes all 
battery monitoring modules on the bus to deactivate 
their bypass circuits. 

Each of messages 52-99 (Bypass Timer Command) 
causes the addressed battery monitoring module to ac- 
tivate its bypass circuit in the timer mode for a specified 
number of 1/2 hour periods up to 24 hours, with the 
specified number of 1/2 hour periods equal to the mes- 
sage number minus 51, To this end. In the PERFORM 
COMMAND subroutine, a new message 52-99 causes 
the battery monitoring module to reset its bypass timer 
value TMR to the newly specified number before return- 
ing its own address as confirmation. In addition, the 
stored value of BCV is set to 100 to end any existing 
voltage control mode, as described below. With a non- 
zero value of TMR and a BCV value of 100, the battery 
monitoring module is in timer control mode for bypass 
activation; and the value of TMR indicates the remaining 
bypass activation time. 

Each of messages 100-255, Bypass Voltage Com- 
mand, causes the addressed battery monitoring module 
to enter the voltage mode of bypass circuit control. Ac- 
tually, this command doubles as a bypass deactivation 
command for a single battery monitoring monitor. When 
the third byte of this command. BCV, equals 100 the 
stored value of TMR is cleared to zero to end timer con- 
trol mode; and the BCV value of 100 is stored to end 
voltage control mode. However, when the newly com- 
manded value equals 101 -255, the newly stored BCV is 
read as a reference voltage so that the battery monitor- 
ing module activates its bypass circuit whenever meas- 
ured voltage of the associated battery 1 1 exceeds a volt- 
age specified by the value BCV 

Returning to the flow chart of FIG. 5, the program 
next reads the voltage and temperature of battery 11 in 
subroutine READ DATA 125 after performing the com- 
mand in subroutine 124. Likewise, it reads the voltage 
and temperature if no message was received by this bat- 
tery monitoring module, as determined at decision point 
123, as long as there was activity on bus 15, as deter- 
mined at decision point 122. The voltage of battery 11 
may be read directly on analog input ANO. The temper- 
ature is read by activating the temperature measuring 
circuit through port RB3 and reading the voltages on an- 
alog inputs AN2, which is the voltage drop across NTC 
resistor 41 . Microcomputer 35 may also read the voltage 
on analog input AN3, which is the total voltage drop 
across the resistor 40/resistor 41 voltage divider, for use 
in scaling the digital conversion process. 

Next, in subroutine PROCESS DATA 126, micro- 



computer 35 processes the voltages read in subroutine 
READ DATA 1 25 to determine and store the battery volt- 
age VLG and temperature TMP values. Subroutine 
PROCESS DATA is shown in greater detail in FIG. 6. 

5 The voltage VLG is derived by digitally converting the 
raw voltage read on analog input ANO to a representa- 
tive value from 0-255, as indicated in step 140 of FIG. 
6. The temperature TMP is determined by digitally con- 
verting the raw voltage read on analog input AN2 to a 

10 digital value (using the voltage read on analog input AN3 
as a scaling factor) and performing a table lookup on the 
digital value in step 141. At this time, these values are 
also processed to determine and store the other param- 
eters derived therefrom. Referring to FIG. 6, the new val- 

is ue of VLG Is compared with VLO at decision point 1 42 
and, if snnaller. replaces VLO in step 143. Similarly. VLG 
is compared with VHI at decision point 1 44 and, if great- 
er, replaces VHI In step 145. If VLG replaces VHI, the 
new value of TMP is compared with TVH at decision 

20 point 1 46 and, if greater, replaces TVH in step 1 47. The 
new value of TMP is compared with THI at decision point 
148 and, if greater, replaces THI in step 149. TMP is 
compared with TLO at decision point 1 50 and, if smaller, 
replaces TLO in step 151. If TMP replaces TLC. VLG is 

25 compared with VTL at decision point 1 52 and, if smaller, 
replaces VTL in step 153. 

After the voltage and temperature data has been 
processed in task 126 of FIG. 5, the bypass circuit is 
sen^iced in subroutine BYPASS CONTROL 127. In this 

30 subroutine, microcomputer 35 checks the values of 
TMR and BCV to determine the commanded bypass 
status and controls the state of the bypass circuit ac- 
cordingly. With a TMR value of zero and a BCV value of 
100, microcomputer 35 deactivates the bypass circuit. 

35 With a non-zero value of TMR and a BCV value of 1 00, 
microcomputer 35 activates the bypass circuit if it is not 
already activated. With a zero value of TMR and a BCV 
value of 1 01 -255, microcomputer 35 compares the volt- 
age VLG of battery 11 with the stored value BCV, acti- 

40 vates the bypass circuit it VLG is greater and othenivise 
deactivates the bypass circuit. 

When subroutine BYPASS CONTROL is complet- 
ed, the program loops back to decision point 121 and 
again checks the bypass timer value TMR. If the value 

45 of TMR is non-zero, the program proceeds to decision 
point 122 as previously described. Thus, as long as the 
bypass circuit is activated in timer control mode, the pro- 
gram continues to loop. If the value of TMR Is zero at 
decision point 121, however, the program checks an ac- 

50 tlvity timer in decision point 1 28. The activity timer Is in- 
cremented Independently of this program by an interrupt 
routine triggered by a real time clock in microcomputer 
35. If the activity timer indicates that there has been ac- 
tivity on bus 15 within a predetermined previous time 

55 period, such as 5 seconds, the program proceeds to de- 
termine, at decision point 122. If there has been new 
activity on bus 15. If there has, the activity timer is 
cleared and the program follows the path already de- 
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scribed, to determine if the activity comprises a com- 
mand to which the program must respond. It not. the 
program loops back to decision point 121. 

When the inactivity timer is found, in task 128, to 
have timed out, the microcomputer 35 proceeds to go 
to sleep in task 129 after deactivating the bypass circuit, 
If the latter is activated, and performing such other tasks 
as are required in preparation for sleep mode. It should 
be noted, however, that task 128. which can lead to 
sleep mode, is never entered while the value of TMR is 
non-zero. In other words, while the bypass circuit of 
module 12 is activated in timer mode, the BATTERY 
MONITOR program will not allow the battery monitoring 
module to go to sleep, even if all activity on communi- 
cation bus 15 ceases, until the timer mode is ended. 
Once in sleep mode, microcomputer 35 remains in sleep 
mode until awakened by activity on bus 15. 



Claims 

1. Distributed management apparatus for a battery 
pack comprising a plurality of batteries connected 
in series, the apparatus comprising an interlace 
module and a plurality of battery monitoring mod- 
ules, one of the battery monitoring modules being 
associated with each of the batteries and connected 
thereacross by module terminals, each of the bat- 
tery monitoring modules comprising, in combina- 
tion: 

a power conditioning circuit connected across 
the module terminals for providing a regulated 
operating voltage within the battery module; 
sensor means responsive to a parameter of the 
associated battery for generating a battery pa- 
rameter signal; 

a battery bypass circuit effective, when activat- 
ed, to shunt charge around the associated bat- 
tery; and 

a microcomputer powered by the regulated op- 
erating voltage, the microcomputer comprising 
a CPU, memory, input apparatus for receiving 
the battery parameter signal, output apparatus 
for providing activation control of the battery by- 
pass circuit and a stored program providing mi- 
crocomputer control of reception and storage 
ot the battery parameter signal and activation 
of the battery bypass circuit, each of the micro- 
computers being linked with the interface mod- 
ule and the other microcomputers by a common 
digital communication circuit whereby each mi- 
crocomputer receives commands from the in- 
terface module and sends data thereto. 

2. The distributed management apparatus of claim 1 
in which the microcomputer further comprises a pair 
of bypass terminals connectable within and under 



control of the microcomputer and the battery by- 
pass circuit comprises the microcomputer with the 
pair of bypass terminals connected in series with a 
current limiting resistance and the module terminals 
5 to provide a battery bypass current path through the 
microcomputer and resistance when the bypass ter- 
minals are connected within the microcomputer. 

3. The distributed management apparatus of claim 2 
10 in which the battery bypass circuit comprises an 

LED activated by current through the current limit- 
ing resistance. 

4. The distributed management apparatus of claim 2 
IS in which one of the pair of bypass terminals is con- 
nected to one of the module terminals and the other 
of the pair of bypass terminals of the microcomputer 
is one of a plurality of microcomputer terminals, all 
of which are connectable within and under control 

20 of the microcomputer to the one of the bypass ter- 
minals and are connected externally of the micro- 
computer in parallel with each other and in series 
with the current limiting resistance, the plurality of 
microcomputer terminals being simultaneously 

2S connected to and disconnected from the one of the 
bypass terminals. 

5. The distributed management apparatus of claim 2 
in which the sensor means is responsive to the volt- 

30 age of the associated battery and the microcomput- 
er is responsive through the common digital com- 
munication circuit to a communicated voltage acti- 
vation command signal to store a commanded volt- 
age portion of the voltage activation command sig- 

35 nal in the memory and connect and disconnect the 
bypass terminals within the microcomputer in a volt- 
age control mode in response to the stored com- 
manded voltage portion and the sensor means. 

40 6. The distributed management apparatus of claim 2 
in which the microcomputerfurther comprises a tim- 
er and is responsive through the common digital 
communication circuit to a communicated timed ac- 
tivation command signal to store a commanded 

45 time portion of the timed activation command signal 
in the memory and connect and disconnect the by- 
pass terminals within the microcomputer in a timer 
control mode in response to the stored commanded 
lime portion and the timer. 

50 

7. The distributed management apparatus of claim 5 
in which the sensor means is responsive to the volt- 
age of the associated battery and the microcomput- 
er is further responsive through the common digital 
55 communication circuit to a communicated voltage 
activation command signal to store a commanded 
voltage portion of the timed activation command 
signal in the memory, terminate an existing timer 
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control mode, and connect and disconnect the by- 
pass terminals within the microcomputer in a volt- 
age control mode in response to the stored com- 
manded voltage portion and the sensor means. 

8. The distributed management apparatus of claim 1 
in which the microcomputer further comprises a tim- 
er and is responsive through the common digital 
communication circuit to a communicated timed ac- 
tivation command signal to store a commanded 
time portion of the timed activation command signal 
in the memory and activate and deactivate the bat- 
tery bypass circuit in a timer control mode in re- 
sponse to the stored commanded time portion and 
the timer. 

9. The distributed management apparatus of claim 7 
in which the microcomputer is provided with a sleep 
mode which is normally initiated when no commu- 
nication has been received over the common digital 
communication circuit for a predetermined time and 
which Is ended with a communication received over 
the common digital communication circuit but which 
is not initiated while the microcomputer is activating 
the battery bypass circuit in timer control mode and 
a predetermined activation time has not yet expired, 

10. The distributed management apparatus of claim 8 
in which the sensor means is responsive to a volt- 
age across the associated battery and the micro- 
computer is further responsive through the common 
digital communication circuit to a communicated 
voltage activation command signal to store a com- 
manded voltage portion thereof in the memory, ter- 
minate an existing timer control mode, and activate 
and deactivate the battery bypass circuit in a volt- 
age control mode in response to the stored com- 
manded voltage portion and the sensor means. 

11. The distributed management apparatus of claim 10 
in which: 

the microcomputer of each battery monitoring 
module periodically and independently sam- 
ples an output of the sensor means and stores 
a value of the voltage across the associated 
battery; 

all the microcomputers are responsive to a 
freeze data command communicated by the in- 
terface module over the common digital com- 
munication circuit to store and hold the most 
current value of the voltage across the associ- 
ated battery; and 

each of the microcomputers Is further respon- 
sive to a uniquely addressed send data com- 
mand communicated from the interface module 
over the digital communication circuit to com- 
municate the held value over the digital com- 



munication circuit to the interface module, 
whereby voltages across the batteries of the 
battery pack are simultaneously sampled by 
the battery monitoring modules but individually 
5 communicated to the Interface module. 

12. The distributed management apparatus of claim 1 
in which the common digital communication circuit 
comprises, in each battery monitoring module: 

10 

(a) first and second opto-electronic couplers 
each having an LED and a light sensitive resist- 
ance electrically isolated from each other but 
disposed for optical communication therebe- 

'5 tween, 

(b) first circuit means connecting the light sen- 
sitive resistance of the first optoelectronic cou- 
pler in series with a first fixed resistance and 
the power conditioning circuit, 

20 (c) second circuit means connecting a junction 

of the light sensitive resistance and the first 
fixed resistance to an input data terminal of the 
microcomputer, 

(d) third circuit means selectively connecting. 
25 under control of the output data terminal of the 

microcomputer, the LED of the second optoe- 
lectronic coupler in series with the power con- 
ditioning circuit, 

(e) fourth circuit means connecting the first LED 
30 between a DATA1 terminal of the battery mon- 
itoring module and a DATA2 terminal of the bat- 
tery monitoring module, and 

(f) fifth circuit means, in parallel with the fourth 
circuit means, connecting the second light sen- 

35 sitive resistance between the DATA1 terminal 

of the battery monitoring module and the 
DATA2 terminal of the battery monitoring mod- 
ule. 

40 13. The distributed management apparatus of claim 1 2 
in vyhich: 

(a) the second light sensitive resistance is a 
light sensitive transistor, one terminal of which 

45 is connected through a second fixed resistance 

to one terminal of the first LED and is also con- 
nected to the DATA2 terminal of the battery 
monitoring module and the other terminal of 
which is connected to the DATA1 terminal of the 

so battery monitoring module; 

(b) the other terminal of the first LED is connect- 
ed to the DATA1 terminal of the battery moni- 
toring module; 

(c) the LED and light sensitive ti^ansistorare ori- 
55 ented in opposite current carrying polarity rela- 
tive to each of the DATA1 and DATA2 terminals 
of the battery monitoring module. 
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14. The distributed management apparatus of claim 1 2 
in which: 

(a) the interface module comprises an interface 
microcomputer comprising input and output da- 5 
ta terminals and a data direction control termi- 
nal and further comprises a power supply pro- 
viding a regulated voltage between first and 
second interface power terminals within the in- 
terface; 

(b) the common digital communication circuit 
comprises, in the Interface module, 

(1) a third fixed resistance connecting the 
first interface power terminal with a DATA1 
terminal of the Interface module, 

(2) sixth circuit means selectively connect- 
ing, under control of the output data termi- 
nal of the interface microcomputer, the 
DATA1 terminal of the interface module in 20 
series with the second interface power ter- 
minal of the interface module, 

(3) seventh circuit means connecting the 
DATA1 terminal of the interface module 
with the input data terminal of the interface 25 
microcomputer, and 

(4) eighth circuit means alternatively con- 
necting, under control of the data direction 
control terminal of the interface microcom- 
puter, the DATA2 terminal of the interface 30 
module to one of the first Interface power 
terminal and the second interface power 
terminal thereof; 

(c) a first single wire communication line con- 35 
nects the DATA1 terminal of the interface mod- 
ule with the DATA1 terminal of each of the bat- 
tery monitoring modules; and 

(d) a second single wire communication line 
connects the DATA2 terminal of the interface 40 
module with the DATA2 terminal of each of the 
battery monitoring modules. 
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